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(57) ABSTRACT 

A micro electromechanical system (MEMS) switch and a 
method for manufacturing the same are provided. The 
MEMS sWitch includes a substrate; signal lines formed on 
the substrate; main electrodes spaced apart by a distance and 
formed over the substrate; an actuating beam installed above 
the main electrodes at a certain height; a support unit to 
support the actuating beam; and sub-electrodes formed 
above the actuating beam at a distance from the actuating 
beam and facing the corresponding main electrodes. The 
method includes depositing and patterning a metal layer on LTD. 
a substrate; depositing and patterning a sacri?cial layer to 

(21) App1_ NO: 11/322,267 form actuator beam support holes and ?rst sub-electrode 
contact holes; depositing and patterning an actuating beam 

(22) Filed; Jam 3, 2006 layer on the sacri?cial layer, thereby forming spacers; 
depositing and patterning second sub-electrode contact 

(30) Foreign Application Priority Data holes from another sacri?cial layer; depositing and pattern 
ing a sub-electrode layer on the sacri?cial layer; and remov 

Jan. 4, 2005 (KR) ................................ .. 2005-0000314 ing the tWo sacri?cial layers. 
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MICRO ELECTRO-MECHANICAL SYSTEM 
SWITCH AND METHOD OF MANUFACTURING 

THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims bene?t under 35 U.S.C. § 
119 from Korean Patent Application No. 2005-00314 ?led 
on Jan. 4, 2005 in the Korean Intellectual Property Of?ce, 
the entire content of Which is incorporated herein by refer 
ence. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a Micro Electro 
Mechanical System (MEMS) sWitch and a method of manu 
facturing the same, and more particularly to an MEMS 
sWitch having a three-layer micro-structure (actuating beam) 
and sub-electrodes, thereby operating at loW poWer, having 
high thermal stability and preventing short circuits betWeen 
electrodes, and a method of manufacturing the same. 

[0004] 2. Description of the Related Art 

[0005] In electronic systems using radio frequency band 
Width, small siZe, light Weight and high performance prod 
ucts are very desirable. Thus, a very small siZe micro-sWitch 
realiZed by using neW technologies has been developed 
Widely to replace semiconductor switches such as Field 
Effect Transistors (FET) and PIN diodes for use in such 
electronic systems to control signals. 

[0006] A sWitch is the most Widely manufactured device 
out of the Radio Frequency (RF) devices using an MEMS 
technology. An RF sWitch is an element frequently applied 
to an impedance matching circuit or a signal selective 
transmission circuit in Wireless communication terminal 
devices and systems using a signal in a bandWidth of 
microWaves or millimeter Waves. 

[0007] US. Pat. No. 6,307,169 discloses an MEMS sWitch 
Which has a hinge for supporting a membrane-type electrode 
on a substrate. The hinge includes a control electrode 
coupled to the substrate by an anchor, a hinge collar and a 
set of hinge arms. The control electrode has a shorting bar 
coupled thereto and is electrically isolated from another 
control electrode. 

[0008] Japanese Patent Laid-Open No. 2001-143595 dis 
closes another MEMS sWitch Which is formed on a substrate 
using a micro platform structure suspended on a spring 
suspension. The spring suspension is attached to one end of 
an anchor structure and extends in a substantially octagonal 
direction over a signal line. The micro platform has a short 
bar positioned facing a gap in the signal line. An electrical 
corset is formed over the signal line to form a capacitor 
structure Which is electrostatically attractable toWard a bot 
tom electrode upon application of a selected voltage. 

[0009] The MEMS sWitch described above has a draW 
back in that it needs a large driving voltage because it uses 
an electro-static force. Generally, the larger the area of an 
electrode, the loWer the driving voltage. HoWever, increas 
ing the electrode area is a dif?cult issue because it is also 
desirable to have a small overall system due to the system 
doWnsiZing. 
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[0010] Furthermore, the micro-structure, i.e. the mem 
brane-type electrode, disclosed in US. Pat. No. 6,307,169 
and the micro-platform-type electrode disclosed in Japanese 
Patent Laid-Open No. 2001-143595, need a reinforcement 
structure to improve thermal stability and a short circuit 
prevention structure to prevent a short circuit betWeen 
electrodes. 

SUMMARY OF THE INVENTION 

[0011] The present invention provides an MEMS sWitch 
capable of operating at loW poWer, having high thermal 
stability and preventing short circuit betWeen electrodes. 
The present invention also provides a method of manufac 
turing the MEMS sWitch described above. 

[0012] According to an aspect of the present invention, 
there is provided a micro electromechanical system 
(MEMS) sWitch, including: a substrate; at least tWo signal 
lines formed on the substrate, Wherein each has a signal 
contact portion; at least tWo main electrodes spaced from 
each other With a distance and formed over the substrate, the 
main electrodes disposed betWeen the signal lines and 
spaced from the signal lines; an actuating beam installed 
above the main electrodes at a position With a predetermined 
height so as to do a see-saW motion; a support unit for 
supporting the actuating beam for enabling the actuating 
beam to move like a see-saW; and at least tWo sub-electrodes 
formed above the actuating beam With a distance betWeen 
themselves and the actuating beam, and arranged to face the 
corresponding main electrodes. 

[0013] The support unit may include spring arms projected 
from both sides of the actuating beam in the middle portion 
in the longitudinal direction and spacers coupled to the 
spring arms, respectively, and vertically formed on the 
substrate With the predetermined height. 

[0014] The actuating beam may be a multi-layer structure 
including a ?rst dielectric layer, a metal layer and a second 
dielectric layer. 

[0015] The support unit may include the spring arms 
extending from a metal layer in the actuating beam, and the 
spacers coupled to the spring arms, respectively and verti 
cally formed on the substrate With the predetermined height. 

[0016] The substrate may be further provided With a 
ground portion Which supports a loWer part of the spacer and 
grounds the actuating beam. 

[0017] The ?rst and second dielectric layers may be 
formed of silicon nitride SiN. 

[0018] The metal layer may be formed of Aluminum A1. 

[0019] The substrate may be a silicon Wafer. 

[0020] The substrate may be further provided With a 
dielectric layer. 

[0021] The dielectric layer may be a silicon dioxide SiO2 
layer. 
[0022] The metal layer may have a portion buried in the 
?rst dielectric layer, thereby forming a contact portion to be 
in contact With the signal contact portion. 

[0023] A dielectric line may be further provided to cover 
the contact portion, thereby isolating the metal layer from 
the contact portion. 
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[0024] The signal line, the main electrode and the sub 
electrode may be formed of gold Au. 

[0025] The sub-electrode may comprise a plurality of 
support parts vertically formed on the substrate With the 
predetermined height at both sides of actuating beam; and 
electrode parts supported by the support parts and perpen 
dicularly formed to the actuating beam. 

[0026] The substrate may be further provided With a 
contact pad thereon, With Which the support part comes to 
contact. 

[0027] According to another aspect of the present inven 
tion, there is provided a method of manufacturing an MEMS 
sWitch, comprising depositing a metal layer on a substrate 
and patterning the metal layer to form at least tWo signal 
lines With signal contact portions, respectively, and at least 
tWo main electrodes; depositing a ?rst sacri?cial layer With 
a predetermined thickness on the substrate provided With the 
signal lines and the main electrodes, and patterning the 
sacri?cial layer to form actuator beam support holes and ?rst 
sub-electrode contact holes; depositing an actuating beam 
layer on the ?rst sacri?cial layer to ?ll the actuating beam 
support holes, thereby forming spacers by the actuating 
beam layer plugs Which are buried portions of the actuating 
beam layer; patterning the actuating beam layer to be a 
actuating beam shape; depositing a second sacri?cial layer 
on the ?rst sacri?cial layer having the actuating beam layer 
pattern of the actuating beam shape thereon, and patterning 
second sub-electrode contact holes; depositing a sub-elec 
trode layer on the second sacri?cial layer to ?ll the ?rst and 
second sub-electrode contact holes to form support parts by 
the plugs in the ?rst and second sub-electrode contact holes, 
and then patterning the sub-electrode layer to be sub 
electrode shapes; and removing the ?rst and second sacri 
?cial layers. 

[0028] Depositing and patterning the actuating beam layer 
may comprise patterning the actuating beam layer to have a 
shape corresponding to the actuating beam after depositing 
the ?rst dielectric layer on the ?rst sacri?cial layer; depos 
iting the metal layer on the ?rst dielectric layer and pattem 
ing the metal layer to have a shape corresponding to the 
actuating beam; and depositing the second dielectric layer 
on the metal layer and patterning the second dielectric layer 
to have a shape corresponding to the actuating beam. 

[0029] Depositing and patterning the metal layer may 
comprise forming the spacers by ?lling the actuating beam 
support holes; and patterning the metal layer to form the 
spring arms so as to be connected to both sides of the metal 
layer pattern having the actuating beam shape and to the 
spacers, respectively. 

[0030] Depositing the metal layer and patterning the metal 
layer to form the at least tWo signal lines and at least tWo 
sub-electrodes may comprise forming ground portions on 
the substrate, the ground portions being in contact With the 
bottom of the spacers and grounding the actuating beam, on 
the substrate. 

[0031] Depositing the ?rst dielectric layer on the ?rst 
sacri?cial layer and patterning the ?rst dielectric layer to 
have a shape corresponding to the actuating beam, may 
include patterning the ?rst dielectric layer to form contact 
member through holes, and Wherein depositing the metal 
layer and patterning the metal layer to be the actuating beam 
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shape, may include contact portions by ?lling the contact 
member through holes With the metal layer. 

[0032] Depositing the metal layer on the ?rst dielectric 
layer and patterning the metal layer to be the actuating beam 
shape may include forming a dielectric line to isolate the 
contact portions from the metal layer pattern corresponding 
to the actuating beam shape. 

[0033] The method may further comprise forming contact 
pads for supporting the sub-electrodes on the substrate. 

[0034] The substrate may be a silicon Wafer. 

[0035] The method may further comprise a step of form 
ing a dielectric layer on the substrate. 

[0036] The dielectric layer may be silicon dioxide SiO2 
layer formed by a thermal oxidation process. 

[0037] In depositing the metal layer on the substrate and 
patterning the metal layer to form at least tWo signal lines, 
each With a signal contact portion, and at least tWo main 
electrodes, the metal layer may be formed of gold and the 
signal lines and the main electrodes may be patterned by a 
Wet etching process. 

[0038] The ?rst and second dielectric layers may be 
formed of silicon nitride, deposited by a PECVD process, 
and patterned by a dry etching process. 

[0039] The metal layer may be formed of Aluminum layer, 
deposited by a sputtering process and patterned by a dry 
etching process. 

[0040] The ?rst and second sacri?cial layers may be 
formed of photoresist by a spin coating process or a spray 
coating process, and patterned by a photolithography pro 
cess to produce the ?rst and second sub-electrode contact 
holes. 

[0041] The ?rst and second sacri?cial layers may be 
removed by an O2 microWave plasma ashing process. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0042] The above and other aspects of the present inven 
tion Will become more apparent by describing in detail 
exemplary embodiments thereof With reference to the 
attached draWings in Which: 

[0043] FIG. 1 is a schematic vieW of a micro electrome 
chanical system (MEMS) sWitch in accordance With an 
exemplary embodiment of the present invention; 

[0044] FIG. 2 is a plan vieW of the MEMS sWitch shoWn 
in FIG. 1; 

[0045] FIG. 3A to 3C are cross-sectional vieWs of the 
MEMS sWitch, Which are taken along the lines II-II', III-III' 
and IV-IV' in FIG. 2, respectively; 

[0046] FIG. 4A is a cross-sectional vieW of the MEMS 
sWitch, Which is taken along the line V-V' in FIG. 2; 

[0047] FIG. 4B and FIG. 4C are vieWs shoWing move 
ments of an MEMS sWitch in accordance With an exemplary 
embodiment of the present invention; 

[0048] FIG. 5A to FIG. 5E are plan vieWs shoWing 
process steps in a method of manufacturing the MEMS 
sWitch in accordance With an exemplary embodiment of the 
present invention; 
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[0049] FIG. 6A to FIG. 6E are cross-sectional vieWs 
taken along the line II-II' in FIG. 2 to show a method of 
manufacturing the MEMS switch in accordance With an 
exemplary embodiment of the present invention; 

[0050] FIG. 6F is an enlarged vieW of a part denoted by 
reference roman numerical IV shoWn in FIG. 6C; 

[0051] FIG. 7A to FIG. 7E are cross-sectional vieWs 
shoWing a method of manufacturing the MEMS sWitch in 
accordance With an exemplary embodiment of the present 
invention, Where the vieWs are taken along the line III-III' 
shoWn in FIG. 2; and 

[0052] FIG. 8A to FIG. 8E are cross-sectional vieWs 
shoWing a method of manufacturing the MEMS sWitch in 
accordance With an exemplary embodiment of the present 
invention, Where the vieWs are taken along the line IV-IV'. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS OF THE PRESENT 

INVENTION 

[0053] Hereinafter, the present invention Will be described 
in detail by describing exemplary embodiments of the 
present invention With reference to accompanying draWings. 

[0054] With reference to FIG. 1 to FIG. 3C, a micro 
electro-mechanical system (MEMS) sWitch 100 includes a 
substrate 101, an immovable electrode 110, a ?rst and a 
second main electrodes 111a, 113a, ?rst and second sub 
electrodes 115b, 117b, an actuating beam 130, and a signal 
line 150 having ?rst and second signal lines 151, 153. 

[0055] Elements constituting the MEMS sWitch 100 Will 
be described in more detailed beloW. On the substrate 101, 
?rst and second signal lines 151, 153 are formed With a 
distance betWeen both of them. The ?rst and second signal 
lines 151, 153 have ?rst and second signal contact portions 
151a, 153a, respectively, Which are gaps formed to separate 
the corresponding signal lines into tWo pieces. 

[0056] BetWeen the ?rst and the second signal lines 151, 
153 spaced from each other by a distance, at least tWo main 
electrodes, a ?rst main electrode 111a and a second main 
electrode 113a, are formed. The ?rst and the second sub 
electrodes 115b, 1171) are formed to face the ?rst and second 
main electrodes 111a, 113a, respectively, and spaced from 
the main electrodes 111a, 113b, respectively. Here, the ?rst 
main electrode 111a and the ?rst sub-electrode 1151) form a 
?rst electrode pair. The second main electrode 113a and the 
second sub-electrode 1171) form a second electrode pair. 
That is, the ?rst electrode pair composed of the ?rst main 
electrode 111a and sub-electrode 11519 is applied With a 
voltage at the same time, and the second electrode pair 
composed of the second main electrode 113a and sub 
electrode 117!) is applied With a voltage at the same time. 
The ?rst and second sub-electrodes 115b, 1171) have support 
parts 115191, 117191, respectively, Which are coupled to the 
substrate 101, and electrode parts 115192, 117192, respectively, 
Which are spaced from the actuating beam 130 by a distance 
and extends in the perpendicular direction to the actuating 
beam 130. It is advantageous if the substrate 101 is further 
provided With contact pads 115193, 117193 Which more stably 
can support loWer parts of the corresponding support parts 
115191, 117191, but also serve as pads, respectively, to be 
connected to an external poWer supply. 
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[0057] Further, the substrate 101 is provided With ground 
portions 180 in the middle portion thereof in the longitudinal 
direction. The spacers 133a functioning like a pillar are 
disposed on the ground portions 180, respectively, to space 
the actuating beam 130 out from the top surface of the ?rst 
and second main electrodes 111a, 11311 by a distance d1, 
thereby suspending the actuating beam 130. Each of the 
spacers 13311 is coupled to a spring arm 13319 at an upper end 
portion thereof to make the actuating beam perform a 
see-saW motion. Here, the spring arms 13319 are coupled to 
both middle sides of the actuating beam 130 at their different 
end portions, respectively. (See FIG. 1 and FIG. 3A) 

[0058] The actuating beam 130 is a three-layer structure 
composed of a ?rst dielectric layer 131, a metal layer 133, 
and a second dielectric layer 135. Here, the ?rst and second 
dielectric layers 131, 135 are formed of silicon nitride and 
the metal layer 133 is formed of a conductive material, for 
example, Aluminum (Al). The spring arms 133b extend 
from the metal layer 133 of the actuating beam 130 and each 
is coupled to a corresponding spacer 13311 at one end. Here, 
the metal layer 133 serving as the actuating beam 130, the 
spring arms 133b, and the spacers 13311 are formed by a 
single body Which Will be described beloW in more detail. 

[0059] On one hand, a ?rst contact portion 1330 and a 
second contact portion 133d are provided near respective 
end portions of the metal layer 133 constituting a part of the 
actuating beam 130. The ?rst and second contact portions 
1330, 133d are formed to penetrate the ?rst dielectric layer 
131, thereby coming into contact With the ?rst and second 
sWitch contact portions 151a, 153a, respectively. Mean 
While, dielectric lines 133e are further provided to electri 
cally isolate the metal layer 133 constituting the actuating 
beam 130 from the ?rst and second contact portions 1330, 
133d, respectively. (See FIG. 2) 

[0060] In this embodiment, the spring arms 13319 are 
formed of a three-layer structure but it may be advantageous 
to form the spring arms 13319 of a single metal layer 133 to 
more elastically support the actuating beam, thereby helping 
the actuating beam dynamically move like a see-saW 
motion. 

[0061] As described above, it is possible to achieve ther 
mal stability of a micro-structure by implementing the 
actuating beam 130 With the three-layer structure, and 
improve the dielectric effect between the ?rst main electrode 
111a and the ?rst sub-electrode 115a, and betWeen the 
second main electrodes 113a and the second sub-electrode 
117b. 

[0062] The substrate 101 further may be provided With a 
dielectric layer 102 thereon to increase the dielectric e?fect. 

[0063] The operation principle of the MEMS sWitch 100 
above Will be described beloW in more detail. 

[0064] Referring to FIG. 4A, in case that any electrode of 
the ?rst and second main electrodes 111a, 113a and the ?rst 
and second sub-electrodes 115b, 1171) is applied With a 
voltage, the actuating beam stays horiZontally. 

[0065] Next, With reference to FIG. 4B, When a voltage is 
applied to the ?rst main electrode 111a and the ?rst sub 
electrode 115b, a space betWeen the ?rst main electrode 111a 
and the actuating beam 130 is charged With electricity, and 
the actuating beam 130 is attracted toWard the substrate 101. 
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Accordingly, the ?rst contact portion 1330 of the actuating 
beam 130 comes into contact With the ?rst signal contact 
portion 15111 of the ?rst signal line 151. By this contact, an 
external signal input through an input terminal Inl of the ?rst 
signal line 151 is output through an output terminal Outl 
(See FIG. 1) 

[0066] Meanwhile, While the one end of the actuating 
beam 130 is in contact With the ?rst signal contact portion 
15111, the other end is charged With electricity as the 
charging occurs betWeen the ?rst sub-electrode 11519 and the 
other end of actuating beam 130. Accordingly, the other end 
of the actuating beam 130 is attracted to the electrode parts 
115192 of the ?rst sub-electrode 11519 by an electrostatic 
force. 

[0067] With reference to FIG. 4C, When a voltage is 
applied to the second main electrode 113a and the second 
sub-electrode 117b, one end of the actuating beam 130, i.e. 
the second contact portion 133d comes into contact With the 
second signal contact portion 15311 (See FIG. 2). In the same 
manner as the movement of the ?rst contact portion 1330 
described above, the other end is attracted toWard the 
electrode part 117192 of the second sub-electrode 1171). 
Accordingly, the second contact portion 133d of the actu 
ating beam 130 comes into contact With the second signal 
contact portion 153a and the external signal input through an 
input terminal In2 is output through an output terminal Out2. 

[0068] Next, a method of manufacturing the MEMS 
sWitch 100 above Will be described beloW. 

[0069] With reference to FIG. 5A, 6A, 7A, and 8A, the 
substrate 101 is prepared and the dielectric layer 102 is 
deposited on the substrate 101. In the case Where the 
substrate 101 is a silicon Wafer With high resistivity, the 
dielectric layer 102 may not be formed. Here, the dielectric 
layer 102 can be formed by a thermal oxidation process in 
Which the surface of a silicon Wafer is oxidiZed in high 
temperature oxygen ambient, thereby forming a silicon 
dioxide layer SiO2. Altemately, other oxidation processes 
knoWn in the art may be used. 

[0070] Next, a conductive material such as gold Au is 
deposited on the ?rst dielectric layer 102, and then layers on 
the substrate 101 are patterned to form a ?rst main electrode 
111a, a second main electrode 11311, a ?rst signal line 151, 
a second signal line 153, ground portions 180, a ?rst 
sub-electrode 115b, a second sub-electrode 117b, a ?rst 
contact pad 115193 and a second contact pad 117193. A part of 
the ?rst and second signal lines 151 and 153 is separated to 
thus form the ?rst and second signal contact portions 151a 
and 15311 (See FIG. 5A). The ?rst and second main elec 
trodes 111a and 113a, the ?rst and second signal lines 151 
and 153, the ground portions 180, and the ?rst and second 
contact pads 115193 and 17193 may be patterned by Wet 
etching process. 

[0071] Next, a ?rst sacri?cial layer 105 is applied over the 
substrate provided With the ?rst and second main electrodes 
111a, 113a, the ?rst and second signal lines 151, 153, the 
ground portions 180, and the ?rst and second contact pads 
115193, 117193. The ?rst sacri?cial layer 105 has a certain 
thickness, Which may be a predetermined thickness, corre 
sponding to a distance d1 by Which the actuating beam 130 
and the top surfaces of the ?rst and second main electrodes 
111a, 11311 are spaced. Here, actuating beam support holes 
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10511 are patterned out to expose the ground portions 180 
therethrough (See FIG. 5A and FIG. 6A), and sub-electrode 
contact holes 1050 are patterned out to expose the ?rst and 
second contact pads 115193, 117193. (See FIG. 5A and FIG. 
8A). The ?rst sacri?cial layer 105 may be formed of 
photoresist by a spin coating process or a spray coating 
process. Alternately, other processes knoWn in the art may be 
used. Here, the actuating beam support holes 105a and the 
sub-electrode contact holes 1050 may be patterned out by a 
photolithography process for example. 

[0072] With reference to FIGS. 5B, 6B, 7B and SE, a ?rst 
dielectric layer 131 is formed on the ?rst sacri?cial layer 105 
and patterned to form a dielectric layer shape corresponding 
to the actuating beam 130. The ground portions 180 exposed 
through the actuating beam support holes 105a and the ?rst 
and second contact pads 115193, 117193 exposed through the 
sub-electrode contact holes 1050 are still exposed through 
the ?rst dielectric layer 131. At both end portions of the ?rst 
dielectric layer 131 having the actuating beam shape, contact 
member through holes 13111 are patterned out (See FIG. 5B 
and FIG. 7B). The ?rst dielectric layer 131 serves as an 
isolator betWeen the actuating beam 130 and the ?rst and 
second main electrodes 111a, 113a. Here, the ?rst dielectric 
layer 131 may be formed of a silicon nitride (SiN) layer, and 
it may be deposited by a plasma enhanced chemical depo 
sition (PECVD) process. The PECVD process is usually 
carried out at a high ambient temperature such as 300° C. 
HoWever, in this embodiment, the PECVD process is advan 
tageous in that it is carried out at a loW temperature, about 
150° C., to prevent burning of the ?rst sacri?cial layer 105. 
Further, the patterning out may be performed by a dry 
etching process. 

[0073] With reference to FIG. 5C, FIG. 6C, FIG. 6F, 
FIG. 7C and FIG. 8C, a metal layer 133 of conductive 
material such as Aluminum Al is deposited on the ?rst 
dielectric layer 131 by a sputtering process. Some portions 
of the metal layer 133 come into contact With the ground 
portions 180 via the actuating beam support holes 105a, 
forming spacers 13311. (See FIG. 5C, FIG. 6C and FIG. 
6F). Further, as the metal layer 133 is buried in the contact 
member through holes 13111, the buried portions of the metal 
layer 133 form the ?rst and second contact portions 1330, 
133d (See FIG. 5C and FIG. 70). Here, to electrically 
isolate the ?rst and second contact portions 1330, 133d from 
the actuating beam 130, it is advantageous to further form 
the dielectric line 133e on a portion of the metal layer 133, 
Which corresponds to the actuating beam. (See FIG. 5C, 
FIG. 7C and FIG. 7F). The metal layer 133 is patterned so 
as to form the shape of the actuating beam 130. The spacers 
133a and the spring arms 1331) connected to both sides of the 
metal layer 133 constituting the actuating beam 130 are 
formed by the patterning process (See FIG. 5C and FIG. 
6C). Such patterning may be performed by a dry etching 
process. 

[0074] Next, a second dielectric layer 135 is deposited and 
patterned to form the shape of the actuating beam 130. The 
second dielectric layer 135 is formed to electrically isolate 
the actuating beam 130 from the ?rst and second sub 
electrodes 115b, 1171). Here, the second dielectric layer may 
be formed of silicon nitride the same as the ?rst dielectric 
layer 131 by a PECVD process. 

[0075] As described above, the actuating beam 130 has a 
three-layer structure composed of the ?rst dielectric layer 
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131, the metal layer 133 and the second dielectric layer 135, 
so that actuating beam 130. This structure helps to protect 
the actuating beam 130 from thermal distortion. 

[0076] Next, a second sacri?cial layer 107 is deposited on 
the ?rst sacri?cial layer 105 and patterned to have the shape 
of the actuating beam 130. Here the second sacri?cial layer 
107 has a thickness corresponding to a distance d2 to make 
the ?rst and second sub-electrodes 115b, 1171) and the top 
surface of the actuating beam 130 be spaced by the distance 
d2 (See FIG. 6). The second sacri?cial layer 107 has second 
sub-electrode contact holes 10711 to expose the ?rst and 
second contact pads 115193, 117193 therethrough, and the 
sacri?cial layer 107 may be coated by a spin coating process 
or a spin spraying process in the same manner as the 
formation of the ?rst sacri?cial layer 105. Further, the 
second sub-electrode contact holes 107a may be formed by 
a photolithography process (See FIG. 5C and FIG. 8C). 

[0077] With reference to FIG. 5D, FIG. 6D, FIG. 7D and 
FIG. 8d, a sub-electrode layer (not shoWn) is deposited on 
the second sacri?cial layer 107, and then patterned to form 
the ?rst and second sub-electrodes 115b, 1171). Here, the 
sub-electrode layer ?lls, i.e. plugs, the sub-electrode contact 
holes 105a, 107b, thereby forming the support parts 115191, 
117191 by the plugs formed in the sub-electrode contact holes 
105a, 10711. The support parts 115191, 117191 come into 
contact With the contact pads 115193, 117193 at the bottom 
thereof. Further, after patterning the sub-electrode layer, the 
?rst and second electrode parts 115192, 117192 are formed (See 
FIG. 5D and FIG. 8D) 

[0078] With reference to FIG. 5E, FIG. 6E, FIG. 7E and 
FIG. 8E, the remaining ?rst and second sacri?cial layers 
105, 107 are removed, and the MEMS sWitch manufacturing 
processes are completed. The ?rst and second sacri?cial 
layers 105, 107 may be removed by an O2 microWave 
plasma ashing process. 

[0079] In accordance With exemplary embodiments of the 
present invention, the MEMS sWitch described above is 
advantageous in that the electrode area increases by using 
the ?rst and second sub-electrodes, so that the MEMS sWitch 
can operate at loW poWer. 

[0080] Moreover, since the actuating beam has a three 
layer structure, the thermal stability thereof increases and 
short circuits are prevented betWeen electrodes. 

[0081] Although exemplary embodiments of the present 
invention have been disclosed for illustrative purposes, 
those skilled in the art Will appreciate that various modi? 
cations, additions and substitutions are possible, Without 
departing from the scope and spirit of the invention as 
disclosed in the accompanying claims. 

What is claimed is: 
1. A micro electromechanical system (MEMS) sWitch, 

comprising: 

a substrate; 

at least tWo signal lines formed on the substrate, Wherein 
each of the at least tWo signal lines has a signal contact 
portion; 

at least tWo main electrodes spaced from each other by a 
distance and formed over the substrate, the at least tWo 
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main electrodes disposed betWeen the signal lines and 
spaced from the signal lines; 

an actuating beam installed above the at least tWo main 
electrodes at a certain height; 

a support unit Which is con?gured to support the actuating 
beam; and 

at least tWo sub-electrodes formed above the actuating 
beam With a distance betWeen each of the at least tWo 
sub-electrodes and the actuating beam, and arranged to 
face the corresponding main electrodes. 

2. The MEMS sWitch as claimed in claim 1, Wherein the 
actuating beam acts like a lever and the support unit acts like 
a fulcrum of the lever and enable the actuating beam to 
move. 

3. The MEMS sWitch as claimed in claim 1, Wherein the 
support unit comprises spring arms projected from both 
sides of the actuating beam in a middle portion in a longi 
tudinal direction, and spacers coupled to the spring arms, 
respectively, and vertically formed on the substrate at the 
certain height. 

4. The MEMS sWitch as claimed in claim 1, Wherein the 
actuating beam has a multi-layer structure including a ?rst 
dielectric layer, a metal layer and a second dielectric layer. 

5. The MEMS sWitch as claimed in claim 4, Wherein the 
support unit includes spring arms extend from the metal 
layer, and spacers are coupled to the spring arms, respec 
tively, vertically formed on the substrate at the certain 
height. 

6. The MEMS sWitch as claimed in claim 5, Wherein the 
substrate further comprises a ground portion Which supports 
a loWer part of each of the spacers and grounds the actuating 
beam. 

7. The MEMS sWitch as claimed in claim 4, Wherein each 
of the ?rst and second dielectric layers is formed of silicon 
nitride SiN. 

8. The MEMS sWitch as claimed in claim 4, Wherein the 
metal layer is formed of aluminum. 

9. The MEMS sWitch as claimed in claim 1, Wherein the 
substrate comprises a silicon Wafer. 

10. The MEMS sWitch as claimed in claim 9, Wherein the 
substrate further comprises a dielectric layer. 

11. The MEMS sWitch as claimed in claim 10, Wherein the 
dielectric layer is a silicon dioxide SiO2 layer. 

12. The MEMS sWitch as claimed in claim 4, Wherein the 
metal layer has a portion buried in the ?rst dielectric layer, 
thereby forming a contact portion to be in contact With one 
of the signal contact portions. 

13. The MEMS sWitch as claimed in claim 12, Wherein a 
dielectric line is further provided to cover the contact 
portion, thereby isolating the metal layer from the contact 
portion. 

14. The MEMS sWitch as claimed in claim 1, Wherein the 
signal lines, the main electrodes and the sub-electrodes are 
formed of gold. 

15. The MEMS sWitch as claimed in claim 1, Wherein 
each of the at least tWo sub-electrodes comprises: 

a plurality of support parts vertically formed on the 
substrate With the certain height at both sides of actu 
ating beam; and 

electrode parts supported by the support parts and formed 
perpendicular to the actuating beam. 




